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(57)Abstract: 

PROBLEM TO BE SOLVED: To extremely reduce poisoning of respective electrode carrying 
catalysts by an eluting metallic ion by constituting a separator of S, P, V, Ni, Cu, Cr, Mo 
having the specific composition and ferrite stainless steel including a rare earth element. 
SOLUTION: Ferrite stainless steel for constituting a separator has the following composition. 
Respective component elements of S not more than 0.005%, P not more than 0.025%, V not 
more than 0.2%, Ni not more than 0.2%, Cu not more than 0.2%, Cr of 10.5 to 35%, Mo of 0 
to 6% and a rare earth element of 0 to 0.1% are included in wt.%, and Cr+3Mo falls within a 
range of 10.5 to 43%. The stainless steel can include Si not more than 0.3%, Mn not more 
than 0.4%, C and N not more than 0.018% respectively and C%+N%<0.025%. Ti not more 
than 0.2%, (6 to 25)x(C%+N%), Nb not more than 0.3% and (6 to 25)xC% can be included 
when necessary. 
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* iNOTICES * 

JPO and NCIPI are not responsible £or any 
damages caused by the use o£ this translation* 

1 This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated 
3. In the drawings, any words are not translated. 

DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the polymer electrolyte fuel cell used as small 
disiDersed-type power sources, such as an object for automobile loading, and home use. 

[0002] 

[Description of the Prior Art] A fiiel cell is a cell which generates direct current power using hydrogen 
and oxygen, and has a solid oxide fuel cell, a fused carbonate fuel cell, a phosphoric acid fuel cell, a 
polymer electrolyte fuel cell, etc. The name of a fuel cell originates in the component of the "electrolyte" 
part which makes the basis of a cell. 

[0003] There are a phosphoric acid fuel cell and a fused carbonate fuel cell in the fuel cell which has 

reached current and a commercial phase. The near operating temperature of a fuel cell is [ in a solid 
oxide fuel cell / in 1000 degrees C and a fused carbonate fuel cell ] 80 degrees C in 200 degrees C and a 
polymer electrolyte fuel cell at 650 degrees C and a phosphoric acid fuel cell. 

[0004] An operating temperature is as low as 80-degree-C order, a starting-halt is easy for a solid oxide 
fuel cell, and since energy efficiency can also expect about 40%, utilization is globally expected as a 
power source for low-pollution electric vehicle loading which uses as a fuel distributed power sources 
for emergencies, such as a small place of business and a dial office, the home small distribution power 
source which uses town gas as a fuel, hydrogen gas, a methanol, or a gasoline. 
[0005] Although various kinds of above-mentioned fuel cells are called by the common name called 
"fuel cell", when considering each cell component, they need to completely regard as a different thing. 
The engine perfoimance called for by sublimation of the existence of the corrosion of the component by 
ilie electrolyte used, the existence of the high temperature oxidation which it begins to actualize from 
near 380 degree C, and an electrolyte, the existence of a re-deposit and coagulation, etc., especially 
coiTosion-resistant ability are because it completely differs with each fuel cell. The ingredient currently 
used is also actually various and it is as various as nickel clad plate from a graphite system material, a 
high alloy, and stainless steel. 

[0006] It is unthinkable to apply the ingredient currently used for the phosphoric acid fuel cell 
commercialized and the fused carbonate fuel cell to the component of the quality type fuel cell of a 
solid-state macromolecule at all. 

[0007] Drawing 1 is drawing showing the structure of a polymer electrolyte fuel cell, drawing 1 (a) is 
the exploded view of a fuel cell eel (single eel), and drawing 1 (b) is the perspective view of the whole 
fuel cell. As shown in this drawing, a fuel cell 1 is the aggregate of a single cel. a single eel is shown in 
drawing 1 (a) - as - the 1st page of the solid-state poly electrolyte film 2 - the fuel electrode layer 
(anode) 3 ~ on the other hand - being alike ~ the laminating of the oxidizer electrode layer (cathode) 4 
is carried out, and it has structure which Separators 5a and 5b put on the both sides. 
[0008] As typical solid-state polyelectrolyte film 2, there is fluorine system ion-exchange-resin film 
which has a hydrogen ion (proton) exchange group. 

[0009] The catalyst bed which consists of a fluororesin which has a hydrogen ion exchange group a 
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paiticle-like platinum catalyst, and if needed [ graphite powder and if needed ] is prepared in the fuel 
electrode layer 3 and the oxidizer electrode layer 4, and fuel gas or a oxidizing gas is contacted. 
[0010] Passage 6a to fuel gas (hydrogen or hydrogen content gas) A prepared in separator 5a is passed, 
and hydrogen is supplied to the fuel electrode layer 3. Moreover, from passage 6b prepared in separator 
5b, oxidizing gas B like air is passed and oxygen is supplied. Electrochemical reaction arises by supply 
of these gas, and direct current power occurs. 

[00 1 1 ] Anode side : H2 -> 2H++2e cathode side : (1/2) The function for which an 02+2H+2e-> H20 
polymer electrolyte fuel cell separator is asked (1) The function as "passage" which supplies fuel gas to 
the homogeneity within a field by the fuel electrode side, (2) The function as "passage" to make the 
water generated by the cathode side discharge out of a system efficiently with carrier gas, such as air 
after a reaction, and oxygen, from a fuel cell, (3) (4) 4 [ the function as electric" connector / between the 
single eels which maintain low electric resistance and right conductivity as an electrode over long 
duration and ] It is a function as a "septum" with the cathode room of the eel which adjoins the anode 
room of one eel in an adjacent eel etc. 

[00 1 2] Although application of a carbon plate has been wholeheartedly considered as a separator 
ingredient until now, there is a problem of "being easy to be divided" into a carbon plate, and there is a 
problem to which the machining cost for the machining cost for making a front face flat further and gas- 
passageway formation becomes very high. Each is a fatal problem and there is a situation that the 
commercialization of a fuel cell itself may be made difficult. 

[0013] also in carbon, a thermal -expansion nature graphite workpiece is boiled markedly, and since it is 
cheap, it attracts attention most as a material for polymer electrolyte fuel cell separators. However, in 
order to reduce gas permeability and to give the function as said septum, resin sinking in and baking 
which attain to "multiple times" must be carried out. Moreover, there are many technical problems 
which should be solved from now on [, such as machining cost for display flatness reservation and slot 
foimation, ] also, and the present condition is put [ come ] in practical use. 

[0014] As a motion which stands face to face against examination of application of such a graphite 
system material, the attempt which applies stainless steel to a separator is started for the purpose of cost 
reduction. 

[001 5] It becomes IP, 1 0-2289 14,A from a metal member, and the separator for fuel cells which gave 
direct gilding to the contact surface with the electrode of a unit cell is indicated. As a metal member, 
siainless steel, aluminum, and nickel-iron alloy is mentioned, and SUS304 is used as stainless steel. In 
this invention, since gilding is given, the contact resistance of a separator and an electrode falls and the 
flow of the electron to an electrode becomes good from a separator, it is supposed that the output voltage 
of a fuel cell becomes a separator large. 

[0016] The solid-state polyelectrolyte mold fuel cell with which the separator with which the passive 
state film formed in a front face becomes JP,8-180883,A from the metallic material easily generated by 
atmospheric air is used is indicated. Stainless steel and a titanium alloy are mentioned as a metallic 
material. In the front face of the metal used for a separator in this invention, the degree by which the 
water which the passive state film surely existed, became [ the metaled front face ] is hard to be invaded 
chemically, and was generated in the fuel cell eel is ionized is reduced, and it is supposed that the fall 
which is whenever [ electrochemical reaction / of a fuel cell eel ] will be controlled Moreover, it is 
supposed by removing non-****** of a part in contact with the electrode layer of a separator etc., and 
forming a noble-metals layer that electric contact resistance will become small. 

[0017] However, even if it uses for a separator a metaUic material like the stainless steel which equipped 
with the passive state film the front face currently indicated by the above-mentioned open official report 
as it is, coiTosion resistance is not enough, metaled elution happens, and the support catalyst engine 
performance deteriorates with an elution metal ion (it is hereafter described as poisoning of a support 
catalyst). Moreover, the present condition is that noble-metals plating, such as gilding which ignored 
cost to the separ ator which consists of a metallic material with a corrosion product like Cr-OH and Fe- 
OH which are generated after elution since there was a problem that the contact resistance of a separator 
increased, is performed. 
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[00 1 8] The track record of having applied does not pass over the application to the separator of an old 

metallic material for it to be, but is in a situation far from utilization. 

[00 1 9] if the development of the stainless steel which was excellent in corrosion resistance while it was 
"pure", being able to apply and excelling in the electrical conductivity in a cell environment which does 
not perfomi expensive surface treatment as a separator is made, the manufacturing cost of a fuel cell is 
markedly alike, and falls, and commercialization of a polymer electrolyte fuel cell and application 
expansion can be expected. 
[0020] 

[Problem(s) to be Solved by the Invention] The technical problem of this invention is to offer the solid 
oxide fuel cell equipped with the separator of stainless steel with few [ it is not necessary to perform 
expensive surface treatment, and there is very little poisoning of each electrode support catalyst by the 
elution metal ion, and ] the increments in the contact electricity resistance with the electrode by the 
coiTOsion product and the increments in the contact resistance by strengthening of a passive state coat. 
[0021] 

[Means for Solving the Problem] The summary of this invention is as follows. 
[0022] (1) The polymer electrolyte fuel cell characterized by a separator consisting of ferritic stainless 
steel which has the following chemical composition in the polymer electrolyte fuel cell which supplies 
fuel gas and oxidizer gas to the layered product which the separator was made to intervene between unit 
Cells and canned out the laminating of two or more unit cells on top of which the solid-state 
polyelectrolyte film was cairied out in the center, and the fuel electrode layer and the oxidizer electrode 
layer were laid, and is made to generate direct cuirent power. 
[0023] 

By weight % S:0,005% or less, P:0.025% or less, V:0.2% or less, nickel: Less than [ 0.2% ], Cu: Less 
than [ 0.2% ], Cr: 10.5-35%, Mo: 0-6%, Rare earth elements: The polymer electrolyte fuel cell of the 
above-mentioned (1) publication 0,3% or less and whose Mn the amount of Si is 0.4% or less in weight 
% for Si and Mn in (2) ferritic stainless steel which contains 0 - 0.1%, and (Cr+3Mo) is in 10.5 - 43% of 
within the limits. 

[0024] (3) A polymer electrolyte fuel cell the above (1) whose sum total content of C:0.018% or less, 
N:0.0 1 8% or less, and C and N C and the amount of N in ferritic stainless steel is 0.025% or less in 
weight %, or given in (2). 

[0025] (4) (3) is the polymer electrolyte fuel cell of a publication either from the above (1) which ferritic 
stainless steel contains one sort of Ti and Nb, or two sorts, and Ti is 0.2% or less in weight %, and the 
range of 6 (C-% +N %)-25 (C-% +N %) and whose Nb are 0.3% or less, and is in 6C% - 25C% of 
within the limits. 

[0026] in addition, a sepai*ator has four functions mentioned above. Namely, the function as "passage" 
wiiich supplies fuel gas to the homogeneity within a field by a fuel electrode side, b) The function as 
"passage" to make the water generated by the cathode side discharge out of a system efficiently with 
canier gas, such as air after a reaction, and oxygen, from a fuel cell, c) It has a function as electric" 
connector" between the single eels which maintain low electric resistance and right conductivity as an 
electrode over long duration, and a function as a "septum" with the cathode room of the eel which 
adjoins the anode room of one eel in a eel d Adjacent. These functions may be made into the structure 
which carries out a functional assignment on two or more plates. The separator as used in the field of 
this invention says as a separator the plate which has at least one of the four above-mentioned functions. 
[0027] In order that this invention persons might develop the polymer electrolyte fuel cell equipped with 
the separator which consists of stainless steel, in the environment where a separator is placed, for the 
puipose of reducing the metal ion eluted from a stainless steel front face as much as possible, they used 
the single eel and examined many things. Consequently, in the environment (it is only hereafter 
described as a separator environment) of 1-3, corrosion resistance of austenitic stainless steel is 
inadequate, and metaled elution has to a separator remarkably unsuitable pH on which a separator is 
placed [ which acquires the following knowledge and came to complete this invention ]. 
[0028] b) Although ferritic stainless steel demonstrates good corrosion resistance in a separator 
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environment, in common ferritic stainless steel, the elution of the metal of extent which affects the cell 

engine peifonnance arises. 

[0029] c) If a metal is eluted, since a corrosion product (hydroxide which makes Fe a subject) generates, 
and it will bring about increase of the contact electricity resistance and will have a remarkable bad 
influence on the support catalyst engine performance, tihe cell engine performance represented by 
electromotive force deteriorates for a short time. Moreover, it has a bad influence also on the cation 
conductivity of the fluorine system ion-exchange-resin film which has a hydrogen ion (proton) exchange 
group. 

[0030] d) In order to prevent metaled elution, while reducing the content of S, P, V, nickel, and Cu to 
coincidence among the impurities in ferritic stainless steel, a passive state coat must be strengthened. 
[0031] e) Even if firm in a passive state coat, if passive state coating thickness is thickened, the contact 
electricity resistance will increase and cell effectiveness will fall remarkably. 
[0032] f) In order to strengthen and to control metaled elution in a separator environment, without 
thickening a passive state coat, it is necessary to make it, as for the content of Cr and Mo, (Cr% 
-^'3xMo%) become 12 - 43% of within the limits. 

[0033] g) Although corrosion resistance is secured by adding Mo positively, even if Mo is eluted, the 
effect to the engine performance of the catalyst currently supported by an anode and the cathode section 
is comparatively slight. 
[0034] 

[Embodiment of the Invention] The reason for having specified the chemical composition of the 
separator which consists of ferritic stainless steel with which the polymer electrolyte fuel cell of this 
invention is equipped hereafter is explained in detail. In addition, % display of the following component 

shows weight %. 

[0035] S: The amount of S in steel needs to consider as 0.005% or less. In S, according to the amount of 
S in a coexistence-among steel element, and steel, most deposits as compound nonmetallic inclusion 
with Mn system sulfide, Cr system sulfide, Fe system sulfide, Ti system sulfides, these compound 
sulfides, and an oxide. However, in a separator environment, any nonmetallic inclusion of a presentation 
acts as an origin of the corrosion of a certain thing, and that of the difference of extent is harmful to 
maintenance of passivation, and metaled corrosion elution control. 

[0036] Moreover, in the situation that the fuel cell is operating, although pH in a clearance falls and the 
inside of the clearance between the separator which consists of ferritic stainless steel, and MEA 
(Membrane Electrode Assembly) serves as a lifting and a cone situation in microcell corrosion when a 
cell l eaction and/or oxygen density difference cell corrosion take place, sulfide system nonmetallic 
inclusion does the big effect as the corrosion origin in that case, and an acceleration factor. Although the 
amount of S in steel of the usual mass-production steel exceeds 0.005% and is just over or below 
0.008%, in order to prevent the harmful effect of the above, it is necessary to reduce it to 0.005% or less. 
The desirable amount of S in steel is 0.002% or less, and the most desirable amount level of S in steel is 
less than 0.001%, and as it is low, it is better. 

[0037] P: The amount of P in steel needs to be 0.025% or less. The usual stainless steel commercial steel 

conieni level is about 0.026 - 0.035%. P is an unescapable impurity, is located in a line with S, and does 
the eff ect of ** in ** to poisoning of an anode and a cathode catalyst bed — harmful - it is base. It is so 
desirable that it is low. 

[0038] V: V in steel carries out and is required for 0,2% or less. Generally, V is contained as an impurity 
all over the source of Cr which is an indispensable dissolution raw material at the time of ingoting 
stainless steel, and a certain amount of mixing is unescapable. However, eluted V does a bad influence 
not a little to the engine performance of the catalyst currently supported by an anode and the cathode 
section. From cell property maintenance, a permissible upper limit is 0,2%, and as it is low, it is better. 
[0039] Cu, nickel: Both sides all need to make Cu in steel, and nickel 0.2% or less. Even if it is 
generally the minute amounts Cu and nickel of impurity extent, it has the effectiveness of improving the 
con osion resistance of the stainless steel in the low pH environment. However, in a separator 
environment, since effect is done to poisoning of an anode and a cathode catalyst bed even if it is Cu of 
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the minute amount in a passive state maintenance condition, and nickel ion elution, it is necessary to 
make an upper limit into 0.2%. Also including mixing from a scrap, although the lower one of Cu in 
steel and the amount of nickel is desirable, Cu of 0.2% or less of ultralow volume impurity level and 
nickel raise the passivation ability of ferritic stainless steel, and an upper limit is made into 0.2%, in. 
01 der to also have the operation which controls the metal elution in a passivation condition and to 
improve the cell engine performance as a result. 

[0040] Both Cr, Mo:Cr, and Mo are basic alloy elements when securing corrosion resistance. A content 
serves as high anticoiTosion so that it is high, but there is an inclination to follow on forming high Cr 
and for ordinary temperature toughness to fall, and if it exceeds 35% in the amount of Cr(s), the 
production by mass production will become difficult. Moreover, at less than 10.5%, even if it changes 
other elements, corrosion resistance reservation required as a separator becomes difficult. 
[004 1 ] Mo is the element made to contain as occasion demands, is little compared with Cr and effective 
in improving coirosion resistance. The effectiveness of Mo becomes less clear at less than 0.5%. If it is 
made to contain exceeding 6% when making it contain, deposit evasion of the intermetallic compound 
of sigma equality is difficult, and since production becomes difficult from the problem of embrittlement 
of steel, an upper limit will be made into 5%. Corrosion resistance is secured by carrying out Mo content 
positively. Even if Mo is eluted, the effect to the engine performance of the catalyst currently supported 
by an anode and the cathode section is comparatively slight, and its bad influence is small also to the 
cation conductivity of the fluorine system ion-exchange-resin film which has a hydrogen ion (proton) 
exchange group. 

[0042] : (Cr%+3Mo%) As stainless steel for separators, it is in the condition of passivation in a 70 to 
1 00 degi ees C [ that is the operating temperature of a polymer electrolyte fuel cell / at most ] 
environment, and it is required at the time of ** for the contact electricity resistance to be low also-like. 
It is necessaiy to control the increment in the passive state thickness of film, and corrosion product 
generation in the practical range, as a requirement for that ~ the content of Cr and Mo — a corrosion 
index ~ it is (Cr%+3Mo%) - it is required to be in 12 - 43% of within the limits. 
[0043] The thing which are judged to be appropriate as a simulation environment inside the cell in an 
actual operating state and which is being done for passivation by "pH in 25 degrees C is among 80 
dcgi ees C of sulfuric-acid water solutions of 2.6" is required at least For that purpose, he is 0.2V vs.S C 
E in this environment. It is desirable for the passive state maintenance current density which can be set 
to be less than two 50microA/cm. 

[0044] Si: As for the amount of Si in steel, it is desirable to make it to 0.3% or less. Si is an effective 
deoxidation element like aluminum in mass -production steel. However, fi*om cell property maintenance, 
in order that eluted Si may do effect not a little to poisoning of an anode and a cathode catalyst bed, 
since it is clearly harmful, it may be 0.3% or less. Although production just over or below 0.25% is the 
most desirable from a viewpoint of mass-production cost reduction, it is desirable that it is less than 
0.2% in a separator environment. Less than 0.1% is still more desirable. 

[0045] Mn: As for the amount of Mn in steel, considering as 0.4% or less is desirable. Usually, Mn has 
tlie operation which fixes S in steel as a sulfide of Mn system, and is effective in improving hot-working 
nature. Moreover, you may add positively as a deoxidation element or a nickel balance adjustment 
element. However, although metaled elution advances every only also in the condition of maintaining 
the passive state, if it becomes an amount exceeding 0.4%, eluted Mn ion will do effect not a little to 
poisoning of an anode and a cathode catalyst bed. Desirably, it is less than 0. 1%. If it is 0.45 or less Mn, 
it can manufacture without also generating problems, such as hot tearing in the case of mass production. 
A manufacturing-cost rise hardly poses a problem, either. 

[0046] C, N: As for C in steel, and N, it is desirable for 0.018% or less and N to be 0.018% or less, and 
for C to make them 0.025% or less with a value +N% C% from the purpose of an ordinary temperature 
toughness improvement. C and N are permeation mold elements and cause the base material toughness 
of high grade ferritic stainless steel, the corrosion resistance of a weld zone, and toughness degradation. 
Restricting severely becomes the cure against ordinary temperature toughness which poses a problem by 
the production process of the hot-rolling coil of high grade ferritic stainless steel, and C and N can avoid 
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tlie rise of a manufacturing cost. It is better as low,, since ordinary temperature toughness improves the 

more the more it makes C in steel, and N super-low. 

[0047] Ti:Ti is 0.2% or less and is made to contain as occasion demands in the 6 or more times of a 
value (C-% +N %), and 25 or less times amount of range. Although Ti is originally the element which 
should be reduced since it exerts poisoning on an anode and a cathode catalyst bed, it carries out the 
minimum amount content as occasion demands from the viewpoint of the manufacturability reservation 
by mass production, and workability reservation of sheet met^. 

[0048] When weldability is not required, more than value (C-% +N %) x6 time and 10 or less times are 
ihe most desirable. When weldability is called for, 10 or more times of a value (C-% +N %) and 16 or 
less limes are the most desirable. In order to avoid plate surface crack generating of an inclusion reason, 
considering as 0. 1 % or less is desirable. If it is made to contain beyond the need, it will become the 
cause of the anode by the elution of the metal in a passive state maintenance condition, and cathode 
catalyst performance degradation. 

[0049] Nb:Nb is the element made to contain as occasion demands, and is an alloy element with 
bonding strength stronger than Cr with the inside C and N of steel like Ti. Nb — 0.3 - % - less than ~ it 
is - and ~ C ~ % ~ x - six - C - % - x - 25 - [- namely, - Nb - (- % -) - /- C - (- % -) - = - 
six - 25 - % ~] ~ within the limits ~ containing ~ making . It is very effective for a toughness 
improvement including the ordinary temperature toughness of a hot-rolling coil. However, since Nb 
eluted with coiTOsion has the evil which deposits on a corrosion side as a corrosion product, and raises 
the contact electricity resistance, only from a viewpoint of the base material engine performance, the 
lower one of Nb content is desirable [ Nb ]. However, when it is judged that coincidence is made to 
contain reservation of the engine performance of a weld zone, and Nb and Ti, and it is necessary to 
improve the workability of a cold-rolled-sheet-steel material, need critical mass addition is carried out. 
[0050] Rare earth elements (REM): Since bonding strength of rare earth elements with S is very strong 
in a molten steel phase, they have the effectiveness which defangs S. Therefore, you may add in a form 
like a misch metal as occasion demands. As for a content, effectiveness is enough acquired at 0, 1% or 
less. 

[005 1 ] Elements other than the above-mentioned element may be made to contain as occasion demands. 
For example, it is good for a hot-working nature improvement to make 0. 1 or less calcium, Mg, and B 
contain. 
[0052] 

[Example] The ferritic stainless steel of 28 sorts of chemical composition shown in Table 1 was 
dissolved with 1 50kg vacuum melting furnace of a high-frequency-induction-heating method. As a 
dissoluiion raw material, the raw material with few commercial impurities was selected carefully and 
used, and the amount of impurities in steel was adjusted. 
[0053] 
[Table 1] 
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[0054] After heating the ingot of a round shape [ cross section / which carried out ingot making ] at 
. 1 230 degrees C in atmospheric air for 3 hours, hot forging of it was carried out with the press method 
forging machine, and it made the slab for a trial of the two following sorts of dimensions to each ingot. 
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[0055] ** The slab of the thickness of 30mm, width of face of 100mm, the die-length [ of 120mm ] ** 
thickness of 70mm, width of face of 380mm, and die-length [ of 550mm ] ** was hot-rolled, was used 
as hoi rolled sheet steel with a thickness of 6mm, and was annealed on the heat insulator volume 
aiiachment conditions which subsequently simulated the temperature hysteresis immediately after the 
hot-rolling teimination by mass production. In order to investigate the hot-rolling coil toughness in 
ordinaiy temperature, the Chaipy impact test was presented. The test piece was made into JTS Z2202 
No. 4 half size. 

** Slab carried out cutting of the slab front face by machining, removed the surface scale, and made slab 
with a thickness of 62mm to it. After heating and hot-rolling this slab at 1200 degrees C in atmospheric 
air and making 4mm in thickness, it cooled slowly like ** on the heat insulator volume attachment 
conditions which simulated the temperature hysteresis immediately after the hot-rolling termination by 

mass production. 

[0056] According to chemical composition, forced-air cooling of the solution treatment for maintenance 
4 minutes was performed and carried out to this hot rolled sheet steel at the following temperature. 

** The hot rolled sheet steel of No.25 of Table 1 830 degrees C ** No. 1 1 - 1 5 of Table 1 , hot 

rolled sheet steel of 16-23 .... Hot rolled sheet steel of No.1-10 of the 900 degree-C ** table 1 No. 

of the 930-degree-C ** table 1 - hot rolled sheet steel of 24 and 29 No. of the 980 degree-C ** 

table 1 - hot rolled sheet steel of 26 and 27 recrystallization advanced and 1080 degree-C each 

tempei ature was made into the temperature to which an intermetallic compound dissolves. In-fiimace 
nine was about 20 minutes. 

[0057] Subsequently, inserting intermediate annealing on the way using a multistage type ZENJIMA 
foiming roll rolling mill, it cold-rolled and 0.3mm in thickness was made to the hot rolled sheet steel 
which carried out solution treatment. The last finishing annealing was performed in the bright-annealing 
ftimace of a hydrogen ambient atmosphere whose dew-point is -50 degrees C or less, and temperature 
made it the same as the annealing temperature of a hot rolling material. The holding time was 1 minute 
and was about 3 minutes at in-ftiraace time. 

[0058] The separator for loading to the test piece for evaluating the passive state coat in the separator 
simulation environment of the following dimension and an actual polymer electrolyte fuel cell from this 
cold l olling annealed material was manufactured by press forming. 

[0059] In addition, about No.27 of the example of a comparison, 5 micrometer thickness of one side was 
plated with gold after producing the test piece for simulation environments, and a separator. 
[0060] The test piece for simulation environments : 0.3mm in the thickness of 0.3mm, width of face of 
10mm, die-length 10mm separator:thickness 80mm long, 80mm gas passageway wide : Shot polish 
finishing of these front faces is mechanically carried out using the SiC abrasive grain for shot processing 
spacing of 1 .2mm (corrugated processing) of height of 0.8mm, a crest, and a crest. Ultrasonic cleaning 
Ibr 1 5 minutes is performed in 5%HN03+3%HF and 40 degrees C. Furthermore, each trial was 
piesented, after perfoiming alkali spraying cleaning processing in which the sodium-hydroxide water 
solution was used 6%, the stream's performing distilled water soak cleaning 3 times in the batch mold 
tank after simple rinsing and a line's carrying out cold blast Dreier desiccation of the distilled water 
spraying washing for 4 minutes ftirther just before a trial. 

[0061] While carrying out the temperature up of the sulfuric-acid water solution whose pH in 25 degrees 
C adjusted using the sulfuric acid of reagent chemicals as a trial in a simulation environment is 2.6 to 80 
degrees C, immersing a test piece into the solution for 6 hours and evaluating the existence of 
passivation from color change of corrosion weight loss, hydrogen gassing from a material front face, and 
a lesiing liquid, in order to investigate metaled elution extent to accuracy more, it is 0.2Vvs S C E. The 
passive state holding cuirent consistency which can be set was measured. 

[0062] The Charpy impact test result and the test result in a separator simulation environment were as 
being shown in Table 2. 
[0063] 
[Table 2] 
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[0064] In the example of this invention, it is in a passivation condition in the sulfuric-acid water solution 
whose pH in 25 degrees C which carried out the temperature up to 80 degrees C is 2.6, and the "passive 
Slate holding cuirent consistency" which shows extent of elution has become two or less 20microA/cm 
so that clearly from Table 2. 

[0065] In case stainless steel is applied as a separator for polymer electrolyte fuel cells, it cannot be 
overemphasized that considering as the lowest possible level is desirable as for a passive state holding 
current consistency. It is important for it to be stabilized and to take a low value, less than two 
lOmicroA/cm is the most desirable, and it is desirable that it is subsequently 10-20microA/cm2. 
[0066] The passive state current density of the example of a comparison shows that it is 30- 
80microA/cm2, and it is in the condition that comparatively big elution has happened from the separator 
although it can say that it is controlled. 

[0067] this invention persons ai*e relation with the performance characteristics in a system single eel cell 
to passive state holding current consistency >50microA/cm2 as criteria which judge the application 
propriety as a separator ingredient for fuel cells. It was judged that the engine performance was 
inadequate then. A passive state holding current consistency sets into a two or less 50microA/cm 
ingredient, A **** eel evaluation trial did not come to check the-like performance degradation at the 
time of ** of extent which poses a problem, either, and is judged to be very suitable as quick simulation 
environment-assessment conditions. Also in this result, in the case of the example of invention, it is the 
same level as the gilding material (sample offering steel 27) which is one of the most desirable metal 
materials in a polymer electrolyte fuel cell environment, and it was judged that it sees relatively and can 
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secure the good engine performance. 

[0068] Next, as characterization in the condition of having loaded the interior of an actual solid-state 
macromolecule type single eel cell as a separator, after passing fuel gas in the cell, the electrical 
potential difference of a single eel cell was measured after 1-hour progress, and the decreasing rate of an 
electrical potential difference was investigated by comparing with an early electrical potential 
difference. In addition, it asked for the decreasing rate by 1- (electrical-potential-difference V / initial 
voltage V after 1 -hour progress). 

[0069] The marketing cell eel FC50 made from U.S. Electrochem was converted and used for the solid- 
state macromolecule mold fiiel single eel cell used for evaluation. 

[0070] As cathode pole side gas, air was used 99.9999%, using hydrogen gas as gas for anode pole side 
fuels. Based on the exhaust gas moisture density measurement by the side of eel appearance, the cell 
proper is an entering side and adjusted the humidity control inside a cell while it kept the whole warm at 
78**2 degrees C. The pressure inside a cell is one atmospheric pressure. Hydrogen gas and the 
iniroduciory gas pressure to the cell of air were adjusted by 0.04 - 0.20bar. The eel performance 
evaluation measured-like [ condition / that 500 mA/cm2-0.62V have been checked with single cell 
voltage ] at the time of **. 

[0071] As a system for single eel performance measurements, it is 890 made from U.S. scree BUNA. 
The ftiel cell instrumentation system based on series was converted and used. Although it is expected 
according to cell operational status that a property has change, it is the comparative evaluation in the 
same conditions. 

[0072] The result was shown in Table 2. 

[0073] In the example of this invention, all the rates of sag are 0.05 or less, and became No.27 are 
expensive and equivalent to the separator which high corrosion resistance plated with gold so that 
clearly from Table 2. Moreover, in the example of a comparison which separated from the chemical 
composition specified by this invention, the rate of sag was very as large as 0.3-0.8. 
[0074] With some test pieces, long duration was examined and the short time test result which 
evaluation ******** showed in Table 2, and the approximated correlative result were obtained. 
[0075] Generally the toughness in the ordinary temperature of stainless steel is inferior in ferritic 
stainless steel compared with austenitic stainless steel, however, when C andN contents are a series of 
low examples of this invention compared with the case where it is an example of a comparison with high 
C in steel and N content so that clearly from the Charpy test result of Table 2, it has the toughness which 
was markedly alike and was excellent. Generally, since it will be seemingly improved if board thickness 
becomes thin, if ordinary temperature toughness is the level in the case of being this invention, it will 
completely be satisfactory [ toughness ] practically. That is, it can be said that the ordinary temperature 
toughness of the hot-rolling coil which poses a problem at the time of high grade ferritic-stainless-steel 
manufacture is good. Generally, since it will be seemingly improved if board thickness becomes thin, if 
ordinaiy temperature toughness is the level of the steel of this invention, it will completely be 
satisfactoiy [ toughness ] practically. 
[0076] 

[Effect of the Invention] Since a separator does not need to consist of ferritic stainless steel and the 
polymer electrolyte fuel cell of this invention does not need to give expensive gilding, it can do 
manufacture cheaply. 
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Lx. ■^^•^i^-i^mmx'^^mm^mi't^-fzMz 

{i, Cri:Mo(0#fl-l;l±,(Cr%+3XMo%) if^l 

2-4 3%oiiHrttc^i, i a(c-ri.ie^s*«$>^. 

[003 31 g) «ffi«(CMoS:»ltl.ifC. M^k 
[00341 

n.mmiX^^hy:t.y^ Y-^X7-yUxmi}-i>^j:h-t 

=5:13. TiejS^)-0%^i]^{±«4%$-^-f . 
[003 5] S : m^cOSili. 0. 0 0 5%WTfc-r 

SStCjCtt. Mni^JS^fcifi). Crm-fttl. F em. 

t<7)m-^tmmitmit Lx^lt^i:mliiLxu&, 
[ 0 0 3 6 ] i/i. mmmmwmLx\.^hwi<<zis\.^ 

EA (Membrane Electrode Assembly) l^cOPOTrtli. 
t\,zX OPf.PBll*l«pH*>'ffiTU, 5^'omft!llg:ft^ie.I 

m-km.. mm-tLxi:.tt;:mmims^. ji^ 

cOfift^O^ff SMJi. 0. 0 0 5%Six.0. 0 0 8% 

0.005 %aTizi&mi!mi)^f>i, mt Lv^is* 

sitio. oo2%aTX'hr>. mi^mtu^m'psM. 
uKfUii. 0.001 0 , iKtmtffifc^^gJ; 

[ 0 0 3 7 1 P : li+cOPftJi. 0.02 5%arTh 

h:it ti^'Simxhh . m'^<r>x=fy^yxnmm■^-^\^^ 

0. 0 2 6-0. 0 3 5%^-Cfc^, P\i^ 

Wi^s^wiiiX'h*) . sh^x\ rj-vaiw/ 

[ 0 0 3 8 ] V : istfcovji. 0. 2%m\,zt h'Sm 
-chh. v\ix^y\^xmimmh^m. 

mmjm-chhc rm^t-zT^mut Lx^^^ixxn 
0. hhu&<r>w^\±w^MX'hi. fit. >§jUL/cv 

7J-Vi5XX/iiV-Ymzm^^tlX\^i>fm<r) 
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(0039]Cu. Ni : ilffiOC u . N i {i, V^■f^^ 
■5 , -^t^^l$1?jmS<?)«flC u , N i T'i^oT t , <R 

im±\.\^if. 0. i%\:XV<rmMS?^-miiV'<^)V<nz 

SfiBlii:^-!.. 10. 5%*}ST1i, -e^OffiiO 

[004 1] Mo fi. l^^gtJ:'9-^*§^i:l.7c^-C^ c 
r(cJt^-C^-l:T'm:fett^K»-r.&x6**^'J).S. 0. 5 

■^^<r>w&^-mm^x'm . mrm\.<wm^io^^ 
mm. ttt^crixhm: 5 % t -ri> . «®<](cM o 

[004 2] (Cr%+3Mo%) : •tn*l/-^'ffl;^T 

7 o°c*»f>s/? 1 0 ox:<o^^^ii^^Tmt?•^^:^o 
^^ttr. crfeij^Mo(7)-^waii. m^mxh 

* (Cr%+3Mo%) 2~4 3%<^^l*]t2j>l. 

^Ltifi-HMX'hh . 

[004 3] %n.mmmxzhh%\mmmm. 

t U-C^StliMSitl. r2 5'CtCJoJtl)PHd>2. 6 
<nmimm'& 0 •C4' J T'^iiHg^t LT v^-S C: t *>'>-^: 
<it'ii^-C*J)|). 'ei7)3t*^JC{i, 2|dg^T'0.2V vs. 
SCE lCiJltl>^«l^m«SE^S3!)*5 0/<A/cni2 



(5) !|t^2 0 0 0-2 94 256 

.8 

[0044] Si :fI4iC0S ifl{i, 0. 3%WTfci- 
h(rHfi^t LV\ S i MMMmzH^^XMh 1 hR^tc 

- Yii^mv- YmmmM^znLX'i^^ts:ii-h^% 

T'^^-Sj^cS^O. 3%&,Tt^i>, 0. 2 5%m^X'(^± 
l^-^J'SifftiO. 2%*jtt'J)^it*»'M^ tv^. § 

^.^^aiuv^^7)^. o. ix^x-hh. 

10 [0 04 5] Mn :^4iMnft{i. 0. 4%mTtt'i. 

tixm^mzmaLxiiX^K 

1.5!;^. 0. 4%S:jS;tSfit55rl)i:, ^SUv:Mn-fjj- 

ytf^. ry-t^nxj/^v-mmmi^mmiznLXii^ 

^j:i)-i^-fmm^:m-t. mtLKli. 0 . 1 %mx'h 
I.. 0. 4 5OTOMnt'fentt\ fiM<7)llC0|^PBim 

[0046] c, N : M'p^^c^ m±, mm^^m<7) 

mi)'h. CtiO. 0 18%OT. NJ±0. 0 18%W 
TT. j{>>oC%+N%ffl-CO. 0 2 5%mTi:-ri>it 

[ 0 04 7 ] T i : T i Ji, 'il^tcj: 0 0 . 2%iaT 
[0048] ?§^tt*^'gm§n=5rv^*f-&t{±, { C%+ 

40 N%) ffix6fguLh. 1 o^gJiiwgfcMs L\\ mm 

m^^if^hKim^iZlt. ( C % + N% ) 1 0 fgJJl 

%45iHijsi-syt:«>c{±, 0. i%[HT ti-hztifim 

h^mmHHzXh 7/- Ki5 J: t^* y- KMSEttfig^ 

[0049]Nb:Nb{i. 'il'gti: D-^^^-tirl^TC^ 
•C, Tii:l5|^(;ii+C, Nt(Om^iJi)^CrX^i>^ 
V^-^^TCST-^^S.. Nb{4, 0. 3%WTT\ *^OC% 
50 X6~C%X2 5 [-r=5ri?*>. Nb(%)/C(%) = 6~ 
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2 5%] (Ttmmm-tm^-^t, m&^^i\^cr>^m^ 

[0050} #±5i7C^ (REM) :^±^mii.m 

o J: 9 ^^m-mn LxhB:\>\ ^^m± ,0.1 %&.t 



!|t^2 000-2 94 2 56 
1 0 

x'-Hmskmi^tih. 

Xhii\<\mHi. »^DXtttt#(cli. 0 . 1 JUTO 
[00521 

m^x-mmif-i. mmM.f:\tixii. rpig^m^^o^- 
^j:\'^mm^mmLxmmt. m^ixo^tm&i^L 

[0053] 
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1 iiiiiiiiiiiiiiiliiiliiiiiii.^ 

So ooooooodoooooooioooooooocso 



. iiiiii§il§iiiii 



e 



— . C3 C»Ca Ca C3 O C3 O O O O O O O C3> CP C3 O O CJ o O G> o 



U iiiiiiiiiiiiiiiiiiiiiiiiiii.i 



Qoddddddddddddddddddddddddd 
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iiiiiiiigiiiiii§§^§5^?s^s||,| 
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iddddddddd 



dd^^dd^csa^^cvid^'oa 



liiiiisiiiii.i 
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>'ddddddddddd 



i I I I I I i » I I I I i I 







iiiiiiiiiissssiiiiii . ^ . iii^.i 



iiiiiiiiiiiliii 



oooooooooooooo< 



;gg2g = 2§S§i 



Id d d d go ^ 



o cs o o 



iiiiiiiiiii^i 



iiiiiigiiiiiiiiii: 



dddddddddddddd d d ddddddddddd 



iiiiiiiiiiiliii 



" — CVJ CO ^ LA CD C*- OO 03 O — CM CO -^ 



iiiiiiilliii.i 



(00 54] m^ifzmmm-f}^^(^^ v-^-, 

Sv^T'l 2 3 0-C(C3B#rajD3aL/v:f^, rWX^T^gJjt 
IST-^iaiJjtt. ^'f y^>y h^Tia2S<^i-^<7)|j»:ii 

[00 5 5] ®JI§3 0mm. Hi 0 0 mm. 1 2 
0mm 

®J¥$7 0mm, i|i380mm, 5 50mm * 



*®m77"»±, ^i^EJiLTJfS emmcofijii^^i: 

JIS Z2202 4-t''N-71?-'fXt Uc. 
^mcn>mit:^'ir-JUimiL. Jlf$6 2mmcO;^77'lC 
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BJS\EmLXW-^ 4mm^Zit±.ifi-zik. ®fc R^. fiS [0056] ZmMmUiZ^ 'fli^ffilStiJB tTTiecO 

(D ^ 1 WNo. 2 5«l»Slffl« 8 3 0*C 

© ai«No. 1 1 — 1 5. 16-^23(r>fm§m-'-- 900"C 

(3) aiONo. 1-1 Oc7),Sije3^ 930*C 

®aiONo. 24. 2 9iO|aji^:^ 980*C 

®^lC0No.26. 27<nfm0i1ISi 10801C 

T±iPB§iaJifcJ:-?-2 0^T'J>ofc, 10 C5P4^fflV^T^MWCCi^^ -y h?5f^tt±{f 5%H 

[0057] <^:v^t^ ii^s'ibJ&fflL^.iisiji^iRSr. N03 + 3%h 4 0-cti'T-i s^mcom^m^m 

nm^<r>mm^(f^x''n^\ m.uB!^mmm. (^m^Aimmmt:4^mi-^xi^mvy^7-^ik 

x'^ 3 ^x'h^fz . [006 1 ] mmmx'<r>mt tx . m.WMm>m 

10 0 5 8] zco<%mEmmi'iim'^. Tia-t-a^o-byN- im^^xm&uz2 5'azm^pH:h<2. ex-hi^t. 
\y-mmmmx'c^T-mAS^mm^ii:i^j:dfzib<r) mmmt: a o'az^i&i. ^mm^izwmie^ 

(D-tJ-^u-j^^ruxfmizx mifUz. y^mm.^, m^mco^^^tt^mmt^ tmz. 

[00 59] =5ri5. immco\io.2 7iz-?uxii. mm ^^mmn^.^r^'^iEmzm'^^ifzib. 0. 2Vvs s 

^<^)ib'>^t:mLtz. [0062] j^-v;l^t-«|^£ii^atJj:tX-tA-U'-:? 

[0060] mm^i^m)^ m^iza^^wimMkii. m 2 iz^.tm ot- $> -> 

l¥§0. 3mm, i|il 0mm, 1 0mm fz. 
-tzJ-^U--^ : [006 3] 

IfSO. 3mm. JgSOmm, ^80mm [^2 ] 

: 0 . 8mm. ilji:iUi:<?)|^|iiil . 2mmJ!« 
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!t#ra2 0 00-2 94256 
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No 


















ffllSffi (25r) -CCDffi^fii 


m 






0.2V vs, SCEH^5W5 
































1 


*o 


10 ~ 20 


<0 05 


>I5 




2 


if 


20 ~ 30 


<0.05 


>15 




3 


// 


10 ~ 20 


<0.05 


>15 




4 


w 


10 ~ 20 


<0.05 


>15 




5 


// 


10 ~ 20 


<0.05 


>15 




6 


;/ 


10 ~ 20 


<0.05 


>15 




7 


l) 


<10 


<0.05 


>15 


11 


8 


JJ 


< 10 


<G.05 


>15 


^1 


9 


if 


<10 


<0. 05 


>15 




10 


if 


10 ~ 20 


<0.05 


>I5 




11 


if 


10 ~ 20 


<0.05 


>15 




12 


if 


<10 


<0.05 


>15 




13 


I) 


< 10 


<0.05 


>15 




14 


If 


<10 


<0.05 


>1S 




15 




<10 


<0.05 


>15 




16 


kL 


50 — 70 


0.3 ~ 50 


2 




17 


jf 


50 ~ 70 


0.3 ~ 0.5 


2 




18 


it 


50 - 70 


0.3 ~ 0.5 


3 




19 


if 


50 ~ 70 


0.3 ~ 0.5 


2 




20 


if 


50 - 70 


0.3 - 0.8 


2 


it 


21 




50 ~ 70 


0.3 ~ 0.5 


3 




22 


Jf 


50 ~ 70 


0.3-0.5 


3 


m 


23 


Jf 


50 ~ 70 


0.5 ~ 0.7 


1 




24 


if 


> ImA/cin' 


> 0.8 


12 




25 


Jf 


50 - 70 


> 0.8 


12 




26 


Jf 


10 ~ 20 


> 0.8 


25 




27 


J/ 


10 - 20 


> 0.8 


28 




28 


u 


<10 


<0.05 


28 




29 




>lniA/cni' 


> 0.8 


18 





[0064] m:2i}^(>B^i^i]-^J: d *%HHfi?l|Tii, 
8 0'C(C#ffit;'c:2 5°a3felt-i)pH*«2. 6X'hhl^i 30 

10 0 6 5] XT^yuxm^mw^^^mmmmmm 
ST't^rv^. ^^Lxm^mikhzttmrnx-h*). 

1 0/iA/cm2*^;^Si,at L<, i^CV^T'l 0-2 0 
uA/cmn-hhZtimt u^. 

[0066] \mm<^^mmm^mmi , 3 o-s o /< 4o 

^^ii'^itm^^ ^j:miiitm^.nx\>^&m.x'hh ^ t 

[0067] ^%m^^ii. mrmm-^^-^i'-^^'m-i 
tLxcr)mmws^'m^^w$t tx. m^m-t/um 
mx-cDitmmEb mm^t>T^mmm^^m&> 5 0 
uA/cm^ Titmi&ijf^+'^x'h^tmiitz, 

mimmvi^'j^t^soMA/cm^aTcrtmAiziiK^x 
{i, mm-t)ummmmx'i,, ^mty^hUfKcom^m 



*m^^tLxmi^xmm'h6tmmLx^^i, 
x-rnhmt u^^mmMcor/t-yx-hh^tb-y^mfi 

[ 0 0 6 8 ] <j:t:, m^^c^mi^m^'fmm-tJi^mmiHU 
tc-b/^u-:?^ ixmrnucmx-mmmt ix. 
n.mizm:(fxmixi>'ti> 1 mmikizM.^/i'-^ 

[0069] mizm^^fcmwrn-ifif-mmis^-tjumm 

(4. ^mEiectrocheaVMl^'SS.nM-tMCSOiiSmbX 
[007 0] Ty--HWjffi^ffl;yxfcLTa99. 9 

fflv . mm^mt^w^ 7 s ± 2 •ctc^F.iat-& t 
mm^iiytizxmx'm&tfz. mi^iHmn&^ti. 

0. 0 4 — 0. 2 0b a-rXW^Lfz. -tJUmitWrn 
li^ #-fe/U-BET- 5 0 0 m A/cm2 -0.62 Vi)miS.T 
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[007 1] #-byH4flgiSffl>'XrA^LT{i, *ll ISttfi, WJ^tm<^j:^t^^l'r±Sl.m^tiht:iib, * 

[0072] ^^im2iz^.tfz. tzi^. :^^m<7)m(ouKji^x'htnmM±±<mm^^j: 

[ 0 0 7 3 ] ^2 *^^>BB(^A>^c): 0 Us *^WK'Ji'S v>. 
fflKT^tt^r 0 . 0 saTX'h 0 , No. 2 7 [0076] 

[0074] -^coim^x. mmcom^msl^ lx immm^^j:im] 

.[0075] XTy\^:^m<7)m&xmmi. HRt^^}- i m\mm 
-XTi-^hmryi^mizit^xyjiy^h^xr 2 m^^m.m'^m 

mmcrti^-kizit^x. N^^Ai}m^^-m<r>:^n°n 20 5 a. 5 b -tyNV-^' 

[011 



(b) 




1 



mmm^ ±# IS[$ F^'-^(##) 5H026 AA06 CC05 CX04 EEOS HH05 
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